Introduction
============

Colorectal cancer (CRC) is a common lethal malignancy in the People's Republic of China and other countries.[@b1-cia-11-801],[@b2-cia-11-801] Mortality caused by CRC in the West is declining, but there is a rapidly rising trend in the People's Republic of China.[@b3-cia-11-801] In view of the adenoma--carcinoma sequence, colorectal adenomas (CRAs) are the precursor lesions of CRC, and CRA recurrence serves as an informative end point for colorectal carcinogenesis because it shares common etiopathogenesis with CRC.[@b4-cia-11-801] Colonoscopic removal of CRAs not only reduces the prevalence of CRC but also decreases deaths from CRC, and identifying the possible factors associated with CRA recurrence has become important to prevent, detect, and remove CRAs.[@b5-cia-11-801],[@b6-cia-11-801] Lifestyle characterized by smoking cigarettes, high consumption of red meats, and low intake of fruits and vegetables has been suggested to be associated with an increased risk for CRA and CRC.[@b7-cia-11-801]--[@b9-cia-11-801] However, other studies have reported inconsistent results regarding these associations.[@b10-cia-11-801],[@b11-cia-11-801] Meanwhile, several lifestyle-related diseases, such as hypertension and nonalcoholic fatty liver disease (NAFLD), have been related to CRAs and CRC, and most cases of CRA and CRC occur in elderly people who commonly have these lifestyle-related comorbidities,[@b12-cia-11-801],[@b13-cia-11-801] but previous studies have shown insignificant associations.[@b14-cia-11-801] Although prior studies have demonstrated an increased prevalence of CRC associated with aging in elderly people, few studies have investigated whether lifestyle and lifestyle-related comorbidities were linked to CRA recurrence in elderly people.[@b1-cia-11-801],[@b5-cia-11-801] Additionally, in elderly Chinese people, little is known about lifestyle and lifestyle-related comorbidities correlating highly with CRA recurrence. Hence, the purpose of this study was to determine the lifestyle and lifestyle-related comorbidities independently associated with CRA recurrence in elderly Chinese people.

Methods
=======

Study participants
------------------

CRAs were diagnosed and removed through a complete colonoscopy in individuals aged \>60 years at Peking University Third Hospital between May 2009 and December 2009. The colonoscopy technique required the colonoscopy up to the level of the cecum, good bowel preparation, and removal of all the detected CRAs \>5 mm in size.[@b15-cia-11-801] Participants were excluded for the following reasons: inflammatory bowel disease, appendectomy, familial adenomatous polyposis, hereditary nonpolyposis CRC, colorectal resection, no data available, or life expectancy \<2 years because of severe infection, liver dysfunction, renal dysfunction, or cancer. During the 5-year follow-up after the initial colonoscopy, these participants underwent a complete surveillance colonoscopy, and 152 participants with CRA recurrence plus 152 participants free of recurrence were included in this analysis. The study protocol was approved by the Ethics Committee of Peking University Third hospital and performed according to the Declaration of Helsinki. Each participant provided written informed consent to be included in the study.

Information acquisition and diagnostic criteria
-----------------------------------------------

Participants responded to a questionnaire regarding demographic details, family histories, and lifestyle characteristics, and then all the responses were assessed by the research group. Dietary intake was assessed by an experienced dietitian. Red meats were defined as beef, lamb, or pork. Pack-years of smoking were calculated according to the total duration of regular cigarette smoking and packs of cigarettes smoked per day. Alcohol intake was calculated according to the equivalent of ethanol grams for each alcoholic beverage. Anthropometric measurements, including height, weight, waist circumference (WC), and blood pressure, were taken by experienced nursing staff. Height was measured using a wall-mounted measuring tape with individuals wearing light clothing and no shoes, and weight was measured using a digital scale. Body mass index was calculated as weight divided by height squared (kg/m^2^). WC was measured on standing subjects with a nonmetallic, constant-tension tape placed around the body at the midpoint between the lowest ribs and iliac crests. Participants with blood pressure \>140/90 mmHg or taking antihypertensive therapy were considered to have hypertension.[@b16-cia-11-801] Dyslipidemia was diagnosed when participants had triglyceride \>1.70 mmol/L, low-density lipoprotein cholesterol \>3.37 mmol/L, and high-density lipoprotein cholesterol \>1.04 mmol/L.[@b17-cia-11-801] Participants with fasting blood glucose \>7.0 mmol/L, postprandial blood glucose \>11.1 mmol/L, or taking antidiabetic therapy were defined as having diabetes mellitus.[@b18-cia-11-801] Colonoscopy was carried out by a skilled gastroenterologist, and colonoscopic findings, including size and number, were recorded. An experienced pathologist confirmed the diagnosis of CRAs by histological examination after colonoscopic polypectomy.[@b19-cia-11-801] Whether the size of CRAs was \>1 cm or not; number of CRAs was \>3 or not; and pathologic type of CRAs was tubular adenoma or others were checked. Liver ultrasound examination was conducted by an experienced sonographer, and NAFLD was diagnosed if the contrast between the liver and parenchyma of the right kidney was increased without viral, autoimmune, alcoholic, or other liver diseases.[@b13-cia-11-801]

Statistical methods
-------------------

Descriptive statistics were carried out to characterize the participants with and without CRA recurrence. Student's *t*-test or Mann--Whitney *U*-test was carried out for difference in mean (with standard deviation) or median (with interquartile range) and chi-square test for comparison of proportion. Multivariate analysis was carried out by multiple logistic regression analysis (backward stepwise), and the result was presented as odds ratio (OR) with 95% confidence interval. All statistical analyses were carried out using SPSS Version 17.0 statistical software (SPSS Inc., Chicago, IL, USA). A two-tailed *P*-value \<0.05 represented statistical significance.

Results
=======

Participants had a median age of 65 years (range 60--87 years) at baseline, with 63.8% being male (194 participants). Baseline characteristics of the study participants with and without CRA recurrence are provided in [Table 1](#t1-cia-11-801){ref-type="table"}. No difference in age, sex, and family history was seen between the two groups (*P*\>0.05 for all). Participants with CRA recurrence had higher body mass index and WC than the control group (*P*\<0.05 for all). Pack-years of smoking (*P*\<0.05) rather than drinking (*P*\>0.05) differed significantly between the two groups. Participants with CRA recurrence were more likely to consume less vegetables and fruits and more red meats compared with the control group (*P*\<0.05 for all). Lifestyle-related comorbidities, including hypertension, dyslipidemia, and NAFLD (*P*\<0.05 for all) but not diabetes mellitus (*P*\>0.05), were more common in participants with CRA recurrence than the control group. All adenoma-related factors, such as the maximum diameter of CRAs \>1 cm, the number of CRAs \>3, and the pathological types of CRAs other than tubular adenoma, tended to exist in participants with CRA recurrence rather than the control group (*P*\<0.05 for all).

In the multivariate analysis, pack-years of smoking was independently associated with an increased CRA recurrence (OR: 1.03; *P*\<0.05). Eating less vegetables (OR: 099; *P*\<0.05) and fruits (OR: 0.98; *P*\<0.05) was identified as a statistically independent factor influencing the CRA recurrence, as was eating more red meats (OR: 1.01; *P*\<0.05). Hypertension was also found to be a factor independently associated with an increased CRA recurrence (OR: 2.44; *P*\<0.05). NAFLD had an independent association with an increased CRA recurrence (OR: 3.43; *P*\<0.05). With regard to the adenoma-related factors, participants with the maximum diameter of CRAs \>1 cm (OR: 3.89; *P*\<0.05) and the number of CRAs \>3 (OR: 3.46; *P*\<0.05) were at increased CRA recurrence. Participants with other types of adenoma except tubular adenoma experienced an increased CRA recurrence (OR: 2.33; *P*\<0.05). OR and *P*-value of each factor with multivariate analysis are shown in [Table 2](#t2-cia-11-801){ref-type="table"}.

Discussion
==========

Lifestyle and lifestyle-related comorbidities have generated interest because their associations with CRA recurrence shed more light on the prevention of CRC. During the 5-year follow-up, this study confirmed that smoking cigarettes, high consumption of red meats, low intake of fruits and vegetables, and the presence of hypertension and NAFLD were independently associated with an increased CRA recurrence after the diagnosis and removal of CRAs at the initial colonoscopy in elderly Chinese people.

Associations of CRA and CRC development with low intake of fruits and vegetables have been observed in some but not all studies.[@b20-cia-11-801]--[@b23-cia-11-801] The current data proved the independent associations of CRA recurrence with low intake of both the fruits and vegetables among elderly Chinese people, and adjustment for other lifestyle and lifestyle-related factors did not significantly alter these associations with low intake of fruits and vegetables, suggesting that fruits and vegetables not only are the markers for healthier lifestyle but also confer protection against future CRA recurrence as good sources of various antioxidant vitamins, dietary fiber, folate, and flavonoids themselves.[@b24-cia-11-801],[@b25-cia-11-801] These ingredients play a role in modulating DNA methylation, protecting from DNA damage, promoting apoptosis, and inducing detoxifying enzymes.[@b26-cia-11-801]

Some previous studies have provided some evidence for the associations of CRAs and CRC with intake of red meat, but other studies provided opposite results.[@b27-cia-11-801],[@b28-cia-11-801] In this study, high consumption of red meat was reported as an independent factor associated with CRA recurrence. Heterocyclic amines, N-nitroso compounds, and other related substances that are formed during the cooking process of red meats result in the development of CRAs and CRC.[@b29-cia-11-801]

Several studies have examined the associations of smoking cigarettes with CRAs and CRC and realized that exposure to smoking significantly increases the prevalence, size, and number of CRAs and CRC, but other studies supported that smoking is not a strong factor correlated with CRA and CRC development.[@b30-cia-11-801]--[@b32-cia-11-801] The current results pointed out that cigarette smoking had an independent association with CRA recurrence. Cigarette smoking causes oxidative stress and DNA damage in the body.[@b33-cia-11-801]

Hypertension appeared to be related to CRA and CRC formation in previous studies, but other studies obtained conflicting finding.[@b13-cia-11-801],[@b34-cia-11-801] Meanwhile, some studies that evaluated CRA recurrence did not pay any attention to hypertension as a relevant factor for analysis.[@b35-cia-11-801] This study concluded that hypertension had an independent relationship with CRA recurrence, but the possible interaction between hypertension and CRA recurrence remains unclear and needs further elucidation.

There exists a strong relationship between the intestine and liver.[@b36-cia-11-801] Previous clinical researches have already discovered that patients with NAFLD had the higher prevalence of CRAs and CRC.[@b13-cia-11-801] Suggestion from data recently indicated that NAFLD was a potential factor associated with CRAs, but this point still remains controversial.[@b37-cia-11-801] Not only do they have the same origin in embryology, but the liver also continuously receives intestinal blood through the portal system. An independent correlation between NAFLD and CRA recurrence was noted in this study, and its underlying mechanism is still uncertain. The effects of leptin and adipokines are the possible mechanisms responsible for the interaction between NAFLD and CRA recurrence.[@b38-cia-11-801],[@b39-cia-11-801]

Conclusion
==========

The current findings demonstrated that smoking cigarettes, high consumption of red meats, low intake of fruits and vegetables, and the presence of hypertension and NAFLD were independently associated with an increased CRA recurrence in elderly Chinese people. This conclusion helps elderly Chinese people to make effective behavioral changes, such as smoking cessation, substitution of fruits and vegetables for red meats, and timely treatment of hypertension and NAFLD, to reduce the CRA recurrence and CRC risk.
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###### 

Baseline characteristics of the study participants with and without CRA recurrence

  Characteristics                 CRA recurrence      *P*-value           
  ------------------------------- ------------------- ------------------- ---------
  Age, years                      65 (62--71)         66 (62--73)         0.30
  Males, n (%)                    96 (63.2)           98 (64.5)           0.81
  Family history, n (%)           15 (9.9)            21 (13.8)           0.29
  BMI, kg/m^2^                    22.6 (20.5--25.1)   24.5 (21.9--26.2)   \<0.001
  WC, cm                          80 (75--87)         83 (77--87)         0.02
  Pack-years of smoking           0 (0--0)            0 (0--13)           0.01
  Alcohol intake, g/day           0 (0--0)            0 (0--0)            0.72
  Vegetables, g/day               300 (275--329)      300 (275--325)      0.01
  Fruits, g/day                   125 (100--175)      100 (100--125)      \<0.001
  Red meats, g/day                125 (100--150)      125 (125--150)      \<0.001
  Hypertension, n (%)             49 (32.2)           71 (46.7)           0.01
  Dyslipidemia, n (%)             28 (18.4)           47 (30.9)           0.01
  DM, n (%)                       16 (10.5)           26 (17.1)           0.10
  NAFLD, n (%)                    6 (3.9)             21 (13.8)           0.002
  Maximum diameter ≤1 cm, n (%)   42 (27.6)           86 (56.6)           \<0.001
  Number ≥3, n (%)                31 (20.4)           61 (40.1)           \<0.001
  Tubular adenoma, n (%)          122 (80.3)          92 (60.5)           \<0.001

**Note:** Data are presented as median (interquartile range) unless otherwise stated.

**Abbreviations:** CRA, colorectal adenoma; BMI, body mass index; WC, waist circumference; DM, diabetes mellitus; NAFLD, nonalcoholic fatty liver disease.

###### 

Multivariate analysis of factors independently associated with CRA recurrence

  Factors                                  OR     95% CI        *P*-value
  ---------------------------------------- ------ ------------- -----------
  Pack-years of smoking                    1.03   1.01--1.04    0.01
  Vegetables, g/day                        0.99   0.98--1.00    0.007
  Fruits, g/day                            0.98   0.97--0.99    \<0.001
  Red meats, g/day                         1.01   1.00--1.02    0.02
  Hypertension/without hypertension        2.44   1.34--4.45    0.004
  NAFLD/without NAFLD                      3.43   1.12--10.53   0.03
  Maximum diameter ≥1 cm/\<1 cm            3.89   2.13--7.11    \<0.001
  Number ≥3/\<3                            3.46   1.86--6.55    \<0.001
  Other types of adenoma/tubular adenoma   2.33   1.23--4.41    0.009

**Abbreviations:** CRA, colorectal adenoma; OR, odds ratio; CI, confidence interval; NAFLD, nonalcoholic fatty liver disease.
